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(57) ABSTRACT

A diaphragm 1s described, wherein the diaphragm includes
at least two layers, wherein at least one of the two layers 1s
made of an elastomer, and wherein an electric circuit 1s
provided between the two layers. In at least one of the two
layers of the diaphragm, a conductive insert 1s provided, by
means of which an electrical connection of the electric
circuit to or from the outside of the diaphragm can be
achieved.
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DIAPHRAGM AND METHOD FOR THE
PRODUCTION THEREOFK

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of International Appli-
cation No. PCT/EP2015/054528 filed on Mar. 4, 2015 which

claims the benefit of DE 10 2014 205 117.7 filed on Mar. 19,
2014. The disclosures of the above applications are incor-
porated herein by reference 1n their entirety.

FIELD

The present disclosure relates to a diaphragm and a
method for producing the diaphragm.

BACKGROUND

The statements 1n this section merely provide background
information related to the present disclosure and may not
constitute prior art.

From WO 2006/001971 A2, an approach 1s known for
clectrically connecting an antenna, which 1s arranged
between the layers of a multilayer laminate structure, on the
outside. The contact to the antenna 1s achieved by means of
openings 1n the laminate structure.

SUMMARY

The present disclosure provides an improved diaphragm
of the type set forth above with respect to the electrical
contact, by means of a diaphragm according to claim 1, as
well as a method according to claim 10.

In at least one of the two layers of the inventive dia-
phragm, a conductive insert, with which an electrical con-
nection of the electric circuit to or from the outside of the
diaphragm can be achieved, 1s provided according to the
teachings of the present disclosure.

By means of the present disclosure, openings in the layers
of the diaphragm are avoided. Instead, the contact to the
clectric circuit 1s integrated into the diaphragm—mnamely, 1n
at least one of the two layers of the diaphragm. In this way,
it 1s possible to leave the properties of the diaphragm
unchanged or to not change the diaphragm properties by
means of openings or the like. Furthermore, the production
of the diaphragm 1s also simplified.

In one form, the conductive insert contains conductive
particles, which are introduced into the material of the
relevant layer. For example, the relevant layer 1s enriched
with carbonaceous material at the location or in the vicinity
of the conductive insert. In this way, the production of the
diaphragm 1s further simplified.

It 1s furthermore possible that the conductive nsert com-
prises at least one lead. With this lead, the electrical con-
nection of the electric circuit to or from the outside of the
diaphragm can then be realized.

In another form of the present disclosure, the electric
circuit 1s provided on a support, wherein the support is
arranged on or between the layers. In one form, the electric
circuit comprises conductor paths and/or other electrical
structures made of an electrically conductive material,
which are arranged on the support.

Additional features, possible applications, and advantages
of the present disclosure can be taken from the description
below of exemplary forms of the present disclosure, which
are 1llustrated 1n the respective figure. Here, all described or
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2

illustrated features themselves or 1n any combination are to
be considered as being within the scope of the present
disclosure, irrespective of their summarization 1n the claims
or their reference, and irrespective of their wording or
illustration 1n the description or 1n the figure respectively.
Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are itended for pur-

poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawing, in which:

FIG. 1 15 a perspective view ol an exemplary form of a
diaphragm constructed according to the teachings of the
present disclosure; and

FIG. 2 1s a perspective view of another exemplary form of
a diaphragm constructed according to the teachings of the
present disclosure.

The drawing described herein 1s for illustration purposes
only and 1s not intended to limit the scope of the present
disclosure 1 any way.

DETAILED DESCRIPTION

The following description 1s merely exemplary 1n nature
and 1s not mtended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

FIG. 1 shows a diaphragm 10, which can, 1n particular, be
used 1n a valve—ilor example, 1n a pneumatic or hydraulic
or electrically operated diaphragm valve. In the top view, the
diaphragm 10 in one form has an approximately rectangular
diaphragm surface and an essentially constant diaphragm
thickness transverse to the diaphragm surface.

Of course, the diaphragm 10 may also have a differently
designed geometric shape. For example, the diaphragm 10
may also have a round shape.

It 1s noted that the diaphragm 10 in FIG. 1 1s illustrated
only for purposes of explanation in such a way that a yet to
be explained top layer 1s partially opened upward; this 1s,
however, not the case in the completed diaphragm 10.

The approximately rectangular diaphragm surface consti-
tutes the functional area of the diaphragm 10. In this
functional area, approximately, the diaphragm 10 1s installed
in the associated valve. For example, the diaphragm 10 may
be arranged in the functional area between two housing parts
(not shown) of the associated valve.

On one of the longitudinal sides, the diaphragm 10 has a
tab 12. In the illustrated form, the tab 12 1s designed as an
approximately rectangular projection, which protrudes
beyond the approximately rectangular diaphragm surface.
The dimensions of the tab 12—in particular, the extension of
the tab 12 approximately transverse to the respective longi-
tudinal side of the diaphragm 10—are selected such that the
tab 12 also protrudes beyond any housing parts of the
associated valve.

Of course, the tab 12 may also have a differently designed
geometric shape. Where appropnate, the tab 12 may also be
completely omatted.

The diaphragm 10 with the tab 12 i1s constructed of a
plurality of layers, wherein each of the individual layers may
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comprise an elastomer, a woven fabric, a stabilizing layer, or
the like, and wherein the elastomers and the woven fabrics
of the different layers may respectively comprise different
materials, such as rubber, silicone, or the like.

As can be seen 1n FIG. 1, the diaphragm 10 comprises at
least two layers—mnamely, a base layer 14 and a top layer 15.
The two layers 14, 15 are congruent, and both have the
approximately rectangular surface of the diaphragm 10.
Alternatively, 1t 1s also possible for the surfaces of the base
layer 14 and the top layer 15 to deviate from one another and
thus overlap only partially.

In order to position the base layer 14 and the top layer 15
with respect to one another, both layers 14, 15 are respec-
tively provided with at least one opening 17. In the 1llus-
trated form, four openings 17, respectively, are provided,
which are arranged in the region of the corners of the
diaphragm 10.

Between the base layer 14 and the top layer 15, a support
19 1s provided, which 1s equipped with an electric circuit 20.
The support 19 can also be arranged on one of the layers.

The support 19 1s designed to be planar and has merely a
slight thickness. The support 19 may, for example, be a
film—in particular, a flexible film. The support 19 comprises
an electrically non-conductive material. The support 19 may
have the shape of the diaphragm 10. It 1s, however, also
possible for the surface of the support 19 to be smaller than
the surface of the diaphragm 10. It 1s, 1n particular, possible
for the support 19 to have only the surface area that is
required to accommodate the electric circuit 20 on the
support 19.

The electric circuit 20 may, for example, comprise con-
ductor paths and/or other electrical structures made of an
clectrically conductive material, which are arranged on the
support 19. The electric circuit 20 may also include resis-
tances and/or capacitances and/or inductances. This may be
achieved by an appropriate design of the structure and/or an
appropriate selection of the material for the conductor paths.
The electric circuit 20 may thus, for example, constitute a
part of an antenna and/or a part of a measuring circuit and/or
the like.

The electric circuit 20 1s arranged on the support 19 and
firmly connected to 1t. For example, the electric circuit 20
may be vapor-deposited onto the support 19 or firmly
mounted onto the support 19 in another manner.

Additionally, with respect to the support 19 and the
electric circuit 20, reference 1s made to so-called flexible
printed circuit boards, which are thin, flexible electric cir-
cuits that are constructed on, for example, polyimide films.

In the present illustrated form, the electric circuit 20 has
a spiral structure 21 of an antenna, which 1s provided with
three exemplary connecting lines 22a, 22b, 22¢. In the
present case, the support 19 furthermore has a surface that
1s only slightly larger than the surface constituted by the
spiral structure 21 and the connecting lines 22a, 225, 22c.

Of course, other numbers of connecting lines, as well as
other laminar shapes of the structure 21, are also conceiv-
able.

In the i1llustrated form, 1t 1s assumed that at least the region
tacing the electric circuit 20 of the base layer 14 and/or top
layer 15 of the diaphragm 10 1s electrically non-conductive.
Where applicable, this can be achieved by means of an
additional non-conductive layer or the like, which 1s
arranged 1n the region of the electric circuat.

In order to position the support 19 on the base layer 14,
the support 19 and the base layer 14 are respectively
provided with at least one opening 24. In the illustrated
form, two openings 24 are respectively provided, which are
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arranged 1n the region between the three connecting lines
22a,22b, 22¢. Of course, the support 19—instead of the base
layer 14—may also be positioned with respect to the top
layer 15.

The support 19 together with the electric circuit 20 may
be firmly connected to the base layer 14 and/or the top layer
15. This may, for example, be achieved by means of an
adhesive or another material, which 1s inserted between the
support 19 and the base and/or top layer 14, 15. The fixing
of the support 19 within the diaphragm 10 may alternatively,
however, also be carried out by connecting the base layer 14
and the top layer 15 firmly to each other, and 1n this way also
connecting the support 19 firmly with the base and/or top
layer 14, 15.

In the base layer 14, a conductive insert 26 1s provided,
which consists of three linear leads 27a, 27b, 27¢ 1n the
illustrated form.

The conductive 1nsert 26 or each linear lead 27a, 2756, 27¢
may be obtained 1n that, at the desired locations or in the
desired regions of the base layer 14, additional conductive
particles are introduced into the material of the base layer
14. A doping of the material of the base layer 14 with
conductive particles thus occurs precisely where the con-
ductive insert 26 or the linear leads 27a, 27b, 27¢ are to be
arranged. It 1s, for example, possible to enrich the material
ol the base layer 14 at the desired locations or 1n the desired
regions with a carbonaceous material.

Analogously, a conductive insert 28, which, for example,
consists of three linear leads 29a, 295, 29c¢, 1s also provided
in the top layer 15 in the illustrated form.

Of course, alternatively, only one of the two 1nserts 26, 28
may be present, and/or, alternatively, only one or two linear
leads may be present in the inserts 26, 28, or appropriate
mixed forms may be provided.

By means of the conductive inserts 26, 28 or the linear
leads 27a, 275, 27c, 29a, 295, 29c¢, an electrical connection
of the electric circuit 20 to or from the outside of the
diaphragm 10 1s achieved.

The leads 27a, 276, 27c, 29a, 29b, 29¢ of the two
conductive 1nserts 26, 28, which may be linear 1n one form
as shown, are arranged within the base layer 14 and the top
layer 15 such that a contact of the previously mentioned
leads with the connecting leads 22a, 225, 22c¢ 1s possible
from a spatial perspective. This can, in particular, be
achieved by the linear leads 27a, 275, 27¢, 29a, 295, 29¢ at
least partially forming an overlap region with the associated
connecting leads 22a, 225, 22c.

The contact between the linear leads 27a, 275, 27¢, 29a,
29b, 29¢ and the connecting leads 22a, 22b, 22¢ may be
carried out by pressing the layers 14, 15 onto or together
with the support 19 arranged between them. Alternatively or
in addition, 1t may be provided that a firm connection 1s
established in the mentioned overlap regions by means of a
conductive adhesive and therewith a contact achieved.

Furthermore, the leads 27a, 275, 27¢, 29a, 295, 29¢ of the
two conductive inserts 26, 28 are arranged within the base
layer 14 and the top layer 15 such that an electrical contact
of the same to or from the outside of the diaphragm 10 1s
possible. In the illustrated form, this 1s achieved in that
contact with the leads 27a, 27b, 27¢, 29a, 29b, 29¢ may be
made on the top side of the diaphragm 10, on the face side
of the diaphragm 10, as well as on the bottom side of the
diaphragm 10. Of course, in doing so, only a single possible
contact may also be suflicient.

Additionally, the diaphragm 10 may be provided with
upper and/or protective layers 30, 32 (FIG. 2). These pro-
tective layers 30, 32 (FIG. 2) may then have approprate
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openings at those locations where an electrical contact of the
leads 27a, 27b, 27c, 29a, 29b, 29¢ 1s to take place.

In the following, a possible method for producing the
diaphragm 10 1s explained.

As has been explained, the diaphragm 10 1s constructed of
several layers—out of at least the base layer 14 and the top
layer 15. The desired shape or outer contour of the dia-
phragm 10 1s 1nitially cut out of the respective materials of
the individual layers. This outer contour 1s, for example,
punched out of the provided elastomer(s), as well as out of
the woven fabric maternial(s) provided.

Subsequently, the individual cut-out layers of the dia-
phragm 10 are arranged in the desired sequence on top of
one another and inserted into a tool—in particular, into a
mold cavity. Within the scope of these measures—namely,
prior to mounting the top layer 15 onto the base layer 14 of
the diaphragm 10—the support 19 1s 1nserted together with
the electric circuit 20.

In doing so, the support 19 with the electric circuit 20 1s
produced in advance independently of the diaphragm 10.

For positioning the layers 14, 15 and the support 19, the
openings 17, 24 are used.

Subsequently, the arrangement of the layers of the dia-
phragm 10 present in the tool, together with the support 19
contained therein, 1s vulcanized.

Of course, other methods for production of the diaphragm
10 are also conceivable.

The description of the disclosure 1s merely exemplary in
nature and, thus, variations that do not depart from the
substance of the disclosure are mtended to be within the
scope ol the disclosure. Such vanations are not to be
regarded as a departure from the spirit and scope of the
disclosure.

The 1nvention claimed 1s:
1. A diaphragm, wherein the diaphragm comprises at least
two layers,
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wherein at least one of the at least two layers comprises

an elastomer, and

wherein, between the at least two layers, an electric circuit

1s provided, wherein a conductive insert 1s disposed
within one of the at least two layers, the conductive
isert providing an electrical connection of the electric
circuit to or from an outside of the diaphragm, wherein
the conductive insert comprises at least one lead, and
wherein the conductive insert contains conductive par-
ticles, the conductive particles being introduced into a
material of the one layer within which the conductive
isert 1s disposed.

2. The diaphragm according to claim 1, wherein the one
layer within which the conductive insert 1s disposed 1is
enriched with carbonaceous material at a location or in a
vicinity of the conductive insert.

3. The diaphragm according to claim 1, wherein the lead
1s linear.

4. The diaphragm according to claim 1, wherein contact
with the conductive insert 1s made from the outside of the
diaphragm.

5. The diaphragm according to claim 1, wherein the
clectric circuit 1s provided on a support, and wherein the
support 1s arranged on or between the at least two layers.

6. The diaphragm according to claim 5, wherein the
clectric circuit comprises at least one of conductor paths and
clectrical structures made of an electrically conductive mate-
rial arranged on the support.

7. The diaphragm according to claim 1, wherein the
clectric circuit comprises a structure as a spiral structure of
an antenna.

8. The diaphragm according to claim 1, wherein the
diaphragm 1s provided with at least one of an upper protec-
tive layer and a lower protective layer disposed over the at
least two layers.
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